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Abstract
We study the contribution of Bc mesons to the search for B → τντ decays. We find that
at LEP the contributions from Bu and Bc mesons can be comparable. This observation can
have a relevant impact on the extraction of constraints on new physics (such as charged-
Higgs contributions) from current LEP limits on B → τν final states. Inclusion of the Bc
contribution can reduce the current L3 limit on tan β/MH from 0.38 GeV
−1 (90%CL) down
to 0.27 GeV−1 (90%CL).
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The study of purely leptonic decays of heavy charged mesons P+ (e.g. D±, D±s , B
±, ...)
P+(Qq¯) → ℓ+νℓ (1)
is of particular interest, due to their sensitivity to both the meson decay constants fP and the
CKM matrix elements VqQ. In the Standard Model (SM) the width of the decay (1) is predicted
to be (here we assume a zero value for neutrino mass):
ΓSM(P
+ → ℓ+νℓ) =
G2F
8π
|VQq|
2f 2PMPm
2
ℓ(1−
m2ℓ
M2P
)2 , (2)
where GF is the Fermi coupling constant and MP and mℓ are the masses of the pseudoscalar
meson P and of the charged lepton ℓ+, respectively.
The widths of such decays are also very sensitive to the possible presence of physics beyond
the SM. For example, in models with two Higgs doublets the decay width given in eq. (2) acquires
the additional factor due the annihilation via a charged Higgs (H±) [1]:
ΓH±(P
+ → ℓ+νℓ) = ΓSM(P
+ → ℓ+νℓ)×
(
1−
tan2 β
M2H
M2P
)2
, (3)
where tan β is the ratio of the vacuum expectation values for the Higgs fields and MH is the mass
of the charged Higgs boson. Similarly, a possible admixture of a right-handed (V +A) current to
the standard (V − A) current could also lead to modifications of eq. (2) (see [2, 3]).
Because of the strong helicity suppression, e and µ leptonic decays of B mesons are very
far from being observed. On the contrary, the statistics available today at CLEO and LEP or
becoming available in the very near future at the B-factories should allow the first observation
of the B → τντ decay mode. Notice that even in this case, however, the Bu → τντ decay has a
very small branching ratio, of the order of few×10−5. The current results of these searches at low
energies (in the reaction Υ(4S)→ B+B− [4, 5]) as well as at the energy of the LEP collider [7, 6]
are collected in Table 1. The recent measurement by L3 [7], based on a fraction of the full data
sample accumulated during the LEP running, set an upper limit on the B → τντ branching
ratio (BR) which is within less than an order of magnitude from the SM estimate. This limit is
nevertheless already sufficient to set interesting constraints on the allowed values of tanβ/MH [7]
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In this note we point out that for measurements carried out at energies well above the thresh-
old for the production of bb¯ pairs, production and decay of Bc mesons can give a substantial
contribution to τντ final states
3 This observation strengthens the current limits from LEP on
BR(Bu → τν) and, as a result, on the possible presence of new physics. As we shall see, the rate
for Z0 → BcX → τνX could well be larger than that for Z
0 → BuX → τνX , making this process
a possible discovery channel for the as yet unobserved Bc meson.
Bound states of a b and c¯ quark pair (the Bc meson) have never been observed. They represent
interesting objects because their production and decay properties are expected to be calculable
2In a recent paper [8], the prospects for the extraction of tight constraints on this parameters using B → Dτν
decays have also been considered.
3This observation has certainly been made already in the past. We recently learned, for example, that M.
Neubert made this remark in several occasions. To our knowledge, however, a detailed study of its consequences,
in the light of the current measurements from LEP, has never been documented.
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Exp. energy Br(B → τν) tanβ
MH
, GeV−1
ARGUS [4] Υ(4S) < 1.04× 10−2 < 0.69
CLEO [5] Υ(4S) < 2.2× 10−3 < 0.489
ALEPH [6] Z–boson < 1.8× 10−3 < 0.468
L3 [7] Z–boson < 5.7× 10−4 < 0.38
Table 1: Experimental upper limits for the branching ratio of B± → τ±ντ decay and
the evaluated constraint for charged Higgs boson parameters.
within QCD. Typical non-perturbative parameters such as the decay constant fBc can be calculated
by using, for example, potential models or QCD sum rules (see for example the review in ref. [9]
and the references therein).
The relative fraction of τν final states coming from Bc and Bu production is given by:
NBc
NBu
=
f(b→ Bc)
f(b→ Bu)
∣∣∣∣VcbVub
∣∣∣∣
2
(
fBc
fBu
)2
mBc
mBu
τBc
τBu
(1− m
2
τ
m2
Bc
)2
(1− m
2
τ
m2
Bu
)2
, (4)
where τBc and τBu refer to the Bc and Bu lifetimes, and the factor f(b → Bc) (f(b → Bu)) is
the inclusive probability that a b quark hadronizes into a Bc (Bu) meson. These factors include
transitions in which the b quark hadronizes into excited Bu and Bc states, which then decay
strongly into the stable scalar mesons. While f(b→ Bc) is estimated to be a small number, of the
order of 0.1%, the large ratio (Vcb/Vub) can largely compensate for the suppressed Bc production
rate.
Before turning to the numerical estimate of the Bc contribution to the τν rate, we discuss the
values and potential correlations of the parameters present in eq. (4). We start from the parameters
relative to the Bu system. Mass and lifetime are known today with good accuracy [10]:
mBu = 5.2789± 0.0018 GeV , τBu = (1.62± 0.06)× 10
−12s . (5)
The probability f(b→ Bu) is known at LEP with accuracy better than 10% [10]:
f(b→ Bu) = 0.378± 0.022 . (6)
The value of the decay constant fBu has never been measured, but estimates based on lattice
calculations have achieved a good degree of accuracy, and give [11]:
fBu = 175± 25 MeV . (7)
Of course the value of fBu is exactly one of the parameters which one would like to extract from
the measurement of the leptonic Bu decay. As we will show, doing this with sufficient accuracy
requires the use of a sample of Bu mesons without a Bc contamination. Use of the central value
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for the above parameters, in addition to using the central value of Vub = 0.0033 ± 0.0008, gives
the following
BR(Bu → τντ ) = 5.8× 10
−5 . (8)
The only parameter relative to the Bc meson which is expected to be known with good accuracy
from the current calculations is the mass [9, 13]:
mBc = 6.275± 0.040 GeV . (9)
A recent thorough analysis of the Bc lifetime, performed within NRQCD and including non-
relativistic corrections up to order v2, has been carried out in ref. [12]. The result is given by:
τBc = (0.55± 0.15)× 10
−12s , (10)
where the quoted uncertainty is dominated by the limited knowledge of the charm and bottom
quark masses, and to a lesser degree by the uncertainty in the strange quark mass and in Vcb.
Because of the almost complete cancellation between the weak-annihilation rate and the effect
of Pauli-interference diagrams, no significant uncertainty on the lifetime arises from the limited
knowledge of the decay constant fBc [12]. This has been calculated both in potential models [9, 13]
and by use of sum-rules [14]. A complete review of these results and a comprehensive bibliography
can be found in ref. [9]. From this review we extract the following range of values for fBc :
fBc = 450± 100 MeV . (11)
The transition probability f(b → Bc) at LEP has been evaluated by several authors [15]. It
is in principle calculable from QCD once the value of the meson wave function is known. The
leading production mechanism is through the emission of an off-shell gluon from the b quark, with
the gluon splitting into a cc¯ pair and the bc¯ system binding into the Bc or excited states thereof.
Several uncertainties are present in this calculation. For example, NLO QCD corrections are not
known, and the result is very sensitive on the choice of renormalization scale. Likewise, the wave
functions of the ground state state and of the excited states are not known with high accuracy,
as discussed above. We shall therefore leave f(b → Bc) a free parameter, varying it in the range
suggested by the envelope of the available calculations (0.02% < f(b→ Bc) < 0.1%) and studying
the dependence of our results on it.
The final parameter which is needed to determine the quantity in eq. (4) is the ratio Vub/Vcb.
The value for this ratio found in the RPP [10] is:
Vub
Vcb
= 0.08± 0.02 . (12)
Using the central values of the parameters discussed so far, we obtain the following result:
NBc
NBu
= 1.2
[
f(b→ Bc)
10−3
]
. (13)
The upper and lower values which can be obtained by taking the extreme ranges quoted for the
parameters fBc and τBc are: (
NBc
NBu
)
min
= 0.52
[
f(b→ Bc)
10−3
]
(14)
3
(tanβ/MH)min (GeV
−1)
f(b→ Bc) low central high
2× 10−4 0.37 0.35 0.33
1× 10−3 0.33 0.30 0.27
Table 2: Lower limits on the ratio tan β/MH (GeV−1) obtained by taking into account
the contribution of Bc mesons to the L3 search for b→ τν final states.
and (
NBc
NBu
)
max
= 2.3
[
f(b→ Bc)
10−3
]
. (15)
As is seen from eq. (14), even the minimum relative contribution due to Bc meson can have a
noticeable magnitude (∼ 50%). Therefore, this effect should be taken into account when one
considers the results of the search and analysis of the Bu → τν decay.
To demonstrate the importance of this Bc contribution let us analyze the results of the L3 Col-
laboration, which reported the following upper limit for the branching ration of the Bu → τ
±ντ
decay [7]:
Br(Bu → τν) < 5.7× 10
−4 (90% CL) . (16)
This is almost a factor of 10 larger than the SM prediction in eq. (10). In order to assess the
impact of the Bc production and decay on this measurement, we would need an estimate of the
relative tagging efficiency for the secondary vertex of τ -tracks from Bc and from Bc decays. Since
the expected lifetime of the Bc is a factor 2 ÷ 3 smaller than the lifetime of the Bu, we expect
a possible loss in efficiency, and a dilution of the Bc contamination of the τν signal. We notice
that in previous searches for Bc production at LEP [19, 20, 21], using Bc → ψℓν or Bc → ψπ
decays, the changes in efficiency due varying τBc in the range 0.4÷ 1.4ps have been estimated to
be small, of the order of 20%. In absence of a specific study for the τν final state, we shall assume
for definiteness that the Bc and Bu decays have the same efficiency.
Using the eq. (3) and the result (16) the authors of [7] obtain the following constraint for the
contribution due to charged Higgs boson:
tan β
MH
(Bu) < 0.38 [7]. (17)
Taking into account the Bc meson contribution we can improve this constraint. Our results are
shown in Table 2, for several values of f(b → Bc) and for extreme choices of the Bc system
parameters.
In the Fig 1. we exhibit the present limits for MH and tan β parameters of the charged Higgs
boson H±. In this figure we combine the results from the direct searches of H± (CDF Collab-
oration [16] and DELPHI Collaboration [18]), from the measurements of the b → sγ transition
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Figure 1: The present limits for M
H
and tan  parameters of the charged
Higgs boson H

(see text for explanation).
Figure 1: Present limits for MH and tan β. The two diagonal lines next to the caption
B+ → τν refer to the constraints derived from the L3 limit. The right-most line is the
L3 limit, the left-most line corresponds to the 0.27 entry in table 2 of this work.
(CLEO Collaboration [17]), and the results from the search for B → τν decay (the right line
represents original L3 Collaboration [7] result(17)) while the left line corresponds to this article
analysis).
In summary, we discussed in this paper the possible effects of Bc production and leptonic
decay on current b → τν searches at LEP. We showed that the Bc → τν decay can produce a
number of b → τν events as large as the Bu → τν process. The uncertainties in the production
and decay properties of the Bc meson are such that no precision measurement of either fBu or Vub
can therefore be expected from LEP, or similar high-statistics measurements done at machines
producing b quarks well above threshold. These problems will clearly disappear at the forthcoming
B-factories, where no contribution from Bc mesons is possible. We showed that the limits on
possible new physics obtained from the LEP measurements, e.g. leptonic decays mediated by
charged Higgses, can however be significantly improved when the effect of Bc production and
decay is accounted for. These improved limits will become more compelling once the leading
uncertainties in the determination of the properties of the Bc system will be improved. For
example the detection of Bc candidates in other channels, such as Bc → ψℓν, should allow to fix
5
the main unknown, namely the value of f(b→ Bc).
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